j electrical insulating characteristics of helium at high pressures and temperatures. In general, the breakdown voltage increases as the gas pressure is increased and decreases as the gas temperature is increased.
---
The relatively low breakdown voltage of helium accents the importance of additional investigation in this field.
-, No attempt is made to tabulate all available references to related theoretical and experimental information, however, data by some of the investigators will be presented to cover important characteristics of electrical breakdown of gases. Some information for hydrogen will be included, since it is used as a coolant for turbine generators and has desirable coolant characteristics for use in reactors. Air, which is the most commonly used gas insulator, will be discussed in an attempt to extrapolate information for helium.
DISCUSSION
The dielectric strength of a gas is the voltage at which electrical failure or breakdown occurs. It is a property which varies with many factors such as size, shape, spacing, and material of the electrodes used, form of distribution of the field of electric stress in the gas, characteristics of the applied voltage, rate and duration of voltage application, presence of free ions mixed with the gas, temperature, pressure, moisture content, and impurities in the gas.
A gas in the normal state and unexposed to any ionizing agent is a perfect nonconductor at all voltage gradients below its dielectric strength.
Various investigators have found that small leakage does occur that is attributed to very feeble ionization of the gas by weak radiations which come partly from the ground and partly from the sky. Gases may be made to have considerable electri6al conductivity as a result of agencies present which will produce ionization. Only at low voltages does the gas obey Ohms law, as shown in region oa, Fig. 1 . In region bc the electric field in the gas becomes sufficiently intense to cause ionization by itself, and the increase in current is proportionally much greater than the increase in voltage. When the ionizing agent is removed, the conductivity diminishes and finally disappears entirely, indicating that the ions recombine and the gas resumes its normal state.
Electrical breakdown in gases occurs in several different forms, which are .usually classified as coronas, glow discharges, sparks, and arcs. It is frequently difficult to differentiate between these forms of discharges because one type may give place to another, depending on·the attendant conditions.
With electrodes of certain forms, there are certain critical spacings, below which the discharge acts as a spark and above which it starts as corona.
Breakdown voltages may vary considerably, depending on the form of the electrodes and the fields produced.1 Electrode arrangements which produce uniform fields require higher voltages for breakdown than do electrode arrangements which produce nonuniform fields. The field produced by spherical electrodes, where the spacing is small compared to the sphere diameter, is considered as being uniform. The field produced by a point-to-plane gap is nonuniform and the breakdown voltage becomes comparatively low. Table I . Table  I) • With the use of the pd plot for air in Fig. 4 and the relative dielectric strengths given in. Fig. 4 .
In installations where a gas is used as an insulator, conductors are .where P is barometric pressure in mm Hg and t is temperature in degrees centi- the breakdown curve and the current curve may be caused partially by the fact that it is very difficult to distinguish between corona and sparkover in many cases.
Based on the information presented in this memorandum, the following are assumptions which might be used in estimating design information: 1. Breakdown voltage will increase with increasing spacing and increasing 2. Breakdown voltage will vary inversely with the absolute temperatzire..
Experimental verification of this effect is not available. 3 . In addition to the allowance for factory test voltages, a factor of safety of 25% should be applied to the voltage. Table II lists gap spacings that would be required for various gas temperatures using the above assumptions. The results are plotted in Fig. 6 . This information is presented for a pressure of one atmosphere. Many systems must be designed to withstand abnormal operation at pressures near atmospheric, although normal operation may be at higher pressures. At pressures bmlow atmospheric the required spacing becomes even larger.
SUMMARY AND CONCLUSIONS
Adequate theoretical information and experimental data are available with regard to the,insulating characteristics of specific electrode configurations located in air,:hydrogen, and helium at standard atmospheric temperatures and pressures. Only a limited amount of information was found, however, for helium, hydrogen, and air at pressures above atmospheric, and insufficient information is available with respect to the effects of temperature on the breakdown voltages 
